1.. Introduction {#s1}
================

In recent years, dyes have been widely used in textiles, plastics, paper, cosmetics, pulp manufacture, tanning, pharmaceuticals and food processing industries \[[@RSOS170697C1],[@RSOS170697C2]\]. However, these dyes will pollute water resources, influence the photosynthesis of underwater plants and the growth of aquatic animals, and may even bring toxicity, carcinogenicity and teratogenicity to human beings \[[@RSOS170697C3]--[@RSOS170697C7]\]. The disposal of toxic effluents without proper treatment is the major source of water pollution. Therefore, the removal of dyes from industrial effluents is an urgent need for the protection of water resources \[[@RSOS170697C8]--[@RSOS170697C11]\]. Currently, many treatment techniques have been adopted to remove dyes from waste water, including coagulation \[[@RSOS170697C12]\], flocculation \[[@RSOS170697C13]\], oxidation \[[@RSOS170697C14]\], photo-degradation \[[@RSOS170697C15]\] and electrochemical techniques \[[@RSOS170697C2]\]. However, those methods still have certain disadvantages, such as high cost and complex operation or the need of additional catalysts \[[@RSOS170697C16]\]. Compared with the methods mentioned above, the adsorption strategy is simple, convenient and effective for removing dyes from waste water \[[@RSOS170697C16]\]. To date, a variety of materials have been developed as adsorbents, such as polymer, zeolite, clay, carbon nanotubes and activated carbon \[[@RSOS170697C17]\]. However, these adsorbents still have some challenges, such as high adsorption efficiency, easy separation and recyclability \[[@RSOS170697C18]\]. After the adsorption process, some adsorbents still have to add a desorbent or be soaked in an acid or alkaline solution to be desorbed \[[@RSOS170697C19]\]. This might lead to secondary pollution. Thus, it is still an urgent challenge to develop economic, rapid, recyclable and easily separated adsorbents.

Calcium carbonate is a low-cost and abundant material in nature \[[@RSOS170697C20]\]. CaCO~3~ microspheres (MSs) can be easily separated from the liquid phase through a simple sedimentation method in a short time, benefiting from their high density and micrometre size; thus, they can be ideally used in dye adsorption according to the solid--liquid separation property \[[@RSOS170697C21]\]. Core--shell materials possess large specific surface area and many vacant sites, which have been used a lot as adsorbents in water treatment \[[@RSOS170697C22],[@RSOS170697C23]\]. Besides, to burn off the adsorbed dyes, core--shell materials are more stable and easier to maintain shape than hollow-structure materials. This thermal stability property makes core--shell structured CaCO~3~ MSs suitable reusable adsorbents. In this paper, we propose a strategy of preparing core--shell structured CaCO~3~ MSs as economical and recyclable adsorbents to remove organic dyes from water.

We use a facile, one-pot method to synthesize core--shell structured CaCO~3~ MSs in the presence of hesperidin (Hesp). Hesp has been reported to regulate the formation of CaCO~3~ microspheres in our former work \[[@RSOS170697C24]\]; however, in this paper, we made a modification of the carbonate source from (NH~4~)~2~CO~3~ to NaHCO~3~. This change can provide the advantage of producing a core--shell structure in the products. The detailed steps are illustrated in [scheme 1](#RSOS170697F8){ref-type="fig"}. Firstly, our protocol was to make an aqueous solution of Ca^2+^ and Hesp, which will form Ca--Hesp complexes due to the interactions of the Ca^2+^ and --OH groups on Hesp molecules \[[@RSOS170697C24]\]. Subsequently, NaHCO~3~ solution is added into the aqueous solution drop by drop. Then, $\text{HCO}_{3}^{-}$ is attracted by Ca^2+^ from Ca--Hesp complexes, which provide sites for further nucleation. When heating the reaction system, the outer layer of the $\text{HCO}_{3}^{-}$-Ca--Hesp complexes is converted into CaCO~3~ (as the shell of CaCO~3~ MSs) because of the instability of $\text{HCO}_{3}^{-}$ at higher temperatures. Then, NH~3~ diffusing into the system reacts with $\text{HCO}_{3}^{-}$, and the inner part of the complexes converts into the core of CaCO~3~ MSs. Finally, after aging for a certain time, the core--shell structured CaCO~3~ MSs are obtained. Scheme 1.The preparation process of the core--shell CaCO~3~ microspheres.

To investigate the adsorption properties of obtained core\--shell structured CaCO~3~ MSs, as illustrated in [figure 1](#RSOS170697F1){ref-type="fig"}, we chose Coomassie brilliant blue, Congo red, Alcian blue and methylene blue as model dyes. Calcination is used as a simple and effective desorption method, because calcium carbonate materials can remain stable, but dye molecules will be converted into carbon dioxide during calcination. We believe that such core--shell structured CaCO~3~ MSs can be considered as easily separated, high-efficiency and recyclable adsorbent for removal of dyes. Figure 1.The chemical structures of the dyes used in the adsorption study. (*a*) Coomassie brilliant blue G-250; (*b*) Congo red; (*c*) Alcian blue; (*d*) methylene blue.

2.. Experimental {#s2}
================

2.1.. Materials {#s2a}
---------------

Hesperidin and ammonia (28%, analytical reagent) were purchased from Sigma Chemical Co. (St Louis, MO, USA). CaCl~2~ (analytical reagent), NaHCO~3~ (analytical reagent) and NH~3~·H~2~O (analytical reagent) were purchased from Sinopharm Chemical Regent Co. Ltd (Shanghai, China). Coomassie brilliant blue G-250 (CBB), Congo red (CR), Alcian blue (AB) and methylene blue (MB) were purchased from Sigma Aldrich. Triply distilled deionized water was used during all the applications.

2.2.. Preparation of CaCO~3~ microspheres {#s2b}
-----------------------------------------

The core--shell structured CaCO~3~ MSs were synthesized by a facile, one-pot method. Firstly, 0.4% (wt %) Hesp solution was prepared by alkaline aqueous solution (pH = 11.0, adjusted by ammonia and HCl). Then, CaCl~2~ (5 ml, 1 mol l^−1^), NaHCO~3~ (10 ml, 1 mol l^−1^) and the prepared Hesp solution (5 ml) were added into a beaker (150 ml), into which 80 ml of water was further added. The mixture was vortex-stirred (IKA, Vortex, Genius 3) to obtain a homogeneous solution. After that, the solution was heated to 65°C and kept for 20 min. The beaker and 100 ml of ammonia (in another beaker) were placed in a closed desiccator for 24 h at room temperature. By NH~3~ diffusing and dissolving in the solution, the mineralization of CaCO~3~ MSs was initiated. The products were collected by centrifugation, and rinsed with deionized water several times. Finally, the obtained products were dried at 70°C for further analysis.

2.3.. Characterization {#s2c}
----------------------

The morphologies of the obtained CaCO~3~ MSs were investigated by scanning electron microscopy (SEM, Hitachi, S4800, Tokyo, Japan) and transmission electron microscopy (TEM, JEM-1200EX, Tokyo, Japan). The composition of the CaCO~3~ MSs was identified by using Fourier transform infrared (FTIR) spectroscopy (Shimadzu, Kyoto, Japan) in the range of 4000 to 400 cm^−1^ with the KBr disc method. The as-prepared CaCO~3~ MSs were examined with powder X-ray diffraction analysis (XRD, Shimadzu, Kyoto, Japan) with Cu Kα radiation to obtain the crystallographic structure of the MSs. N~2~ adsorption--desorption measurements were performed on a ASAP-2460 instrument with the MicroActive software (sample mass: 0.1269 g; equilibration interval: 10 s; sample density: 1.000 g cm^−3^), using Brunauer--Emmett--Teller (BET) calculations for surface area and Barrett--Joyner--Halenda calculations for pore size distribution.

The adsorption experiments of CBB, CR, AB and MB from an aqueous medium on the core--shell structured CaCO~3~ MSs were studied by a UV\--visible absorption spectrophotometer (PerkinElmer Lambda 605S UV/Vis spectrometer). The dye solution was centrifuged; then, the supernatant was analysed to get absorbance by the UV\--visible spectrometer at each maximum absorption wavelength (CBB (585 nm), CR (498 nm), AB (600 nm) and MB (664 nm)).

2.4.. Adsorption experiments {#s2d}
----------------------------

The adsorption of CBB (500 mg l^−1^), CR (500 mg l^−1^), AB (500 mg l^−1^) and MB (200 mg l^−1^) from water by core--shell structured CaCO~3~ MSs can be described briefly as follows.

The effect of the adsorbent dosage (AD) on the adsorption process was investigated by adding different dosages of CaCO~3~ MSs, which varied in the ranges of 0--50 mg (CBB), 0--50 mg (CR), 0--200 mg (AB) and 0--300 mg (MB) for a 10 ml sample bottle containing 4 ml of dye solution. After a given adsorption time, the mixture was centrifuged, and then the supernatant was analysed to obtain the absorbance with the UV\--visible spectrometer at each maximum absorption wavelength.

According to the experimental results listed in this paper, the adsorption efficiency of CaCO~3~ MSs for anionic dyes (CBB and CR) has already reached approximately 100% when the AD increases to 20 mg. Therefore, the adsorbent dosage of 20 mg (for CBB and CR) was used to determine the adsorption time. To determine the adsorption time of AB and MB, the adsorbent dosage was set as 100 mg and 200 mg , respectively.

CaCO~3~ cubic microcrystals were prepared and used as dye adsorbent in the contrast experiments.

To investigate the adsorption efficiency in the above experiments, we adopt a similar calibration curve method based on UV\--visible spectroscopy as reported in our previous work \[[@RSOS170697C24],[@RSOS170697C25]\].

The equilibrium adsorption capacity (*q*~e~) was calculated according to the following equation: $$q_{e} = \frac{(C_{0} - C_{e})V}{m},$$ where *C*~0~ and *C*~e~ are initial and equilibrium dye concentrations, respectively (mg l^−1^), *V* is the solution volume (l) and *m* is the adsorbent dosage of CaCO~3~ MSs (g).

2.5.. Recycling experiment {#s2e}
--------------------------

The recyclability of the adsorbent is very important. After dye adsorption, the CaCO~3~ MSs were separated (from the dye solution), dried and burned at 450°C for 2 h to desorb the dyes by using a muffle furnace. Then, those calcinated CaCO~3~ MSs were reused to adsorb dyes according to the previous experiment steps. To investigate the recyclability of those core--shell structured CaCO~3~ MSs, such an 'adsorption\--calcination (desorption)\--adsorption' cycle was carried out five times in each group.

3.. Results and discussion {#s3}
==========================

The SEM image ([figure 2](#RSOS170697F2){ref-type="fig"}*a*) clearly shows that the obtained CaCO~3~ crystals are MSs (3--5 µm in diameter) with rough surfaces. The inset image in [figure 2](#RSOS170697F2){ref-type="fig"}*a* shows a single CaCO~3~ MS with a broken surface. It is obvious that this CaCO~3~ MS has a thin shell which surrounds the inner core. The detailed surface features of the CaCO~3~ MS are shown in [figure 2](#RSOS170697F2){ref-type="fig"}*b*. It is clear that the porous surface of such a MS is composed of units of numerous small particles. The TEM image in [figure 2](#RSOS170697F2){ref-type="fig"}*c* further confirms the core--shell structure of the obtained products. It clearly shows that the CaCO~3~ MS has a thin, porous and loose shell, and a condensed core. The magnified TEM image ([figure 2](#RSOS170697F2){ref-type="fig"}*d*) provides the detailed structure of the shell shown in [figure 2](#RSOS170697F2){ref-type="fig"}*c*. It is the aggregate of many spherical nanocrystals with an average size of approximately 30 nm in diameter. Owing to the hierarchical core--shell structure, these CaCO~3~ MSs are endowed with a large surface area. Thus, BET measurements were carried out to study the porosity and pore size distribution of the MS samples. A BET surface area of 211.77 m^2^ g^−1^ is achieved for CaCO~3~ MSs with an average pore size of 7.8 nm (electronic supplementary material, figure S1). These data suggest that the CaCO~3~ MSs can offer lots of adsorption sites for organic dye molecules. Figure 2.SEM and TEM images. (*a*) SEM image of the obtained CaCO~3~ microspheres. (*b*) SEM image of the obtained CaCO~3~ microspheres sprayed with gold. (*c*) TEM image of the obtained CaCO~3~ microspheres. (*d*) A high-resolution TEM image of the edge of the microsphere.

The absorption peaks (FTIR spectrum, [figure 3](#RSOS170697F3){ref-type="fig"}*a*) located at 712, 876 cm^−1^ (ascribed to characteristic absorption peaks of calcite) and 745 cm^−1^ (ascribed to characteristic absorption peaks of vaterite) indicate that these core--shell structured CaCO~3~ MSs are composed of both calcite and vaterite \[[@RSOS170697C24]\]. The XRD pattern in [figure 3](#RSOS170697F3){ref-type="fig"}*b* further proved the polycrystalline property of the CaCO~3~ MSs. The reflections at 2θ = 21.1, 29.6, 36.0, 39.5, 43.3, 47.2, 47.8 48.6 and 65.2° are attributable to planes of calcite (JCPDS card no. 83-0578), while reflections at 23.1, 25.1, 27.3, 32.9, 43.9, 50.3 and 55.8° are attributable to planes of vaterite (JCPDS card no. 72-0506). Rao\'s equation is adopted to calculate the relative fractions of vaterite (*f*~v~) and calcite in the crystalline phase according to the literature \[[@RSOS170697C26],[@RSOS170697C27]\]: $$f_{v} = \frac{I_{110V} + I_{112V} + I_{114V}}{I_{110V} + I_{112V} + I_{114V} + I_{104C}}.$$ The result indicates that the calcite and vaterite contents in the core--shell structured CaCO~3~ microspheres are 76.01% and 23.99%, respectively. Figure 3.FTIR spectrum (*a*) and XRD pattern (*b*) of CaCO~3~ microspheres.

The prepared CaCO~3~ MSs were rinsed thoroughly. However, Hesp was still found in the obtained CaCO~3~ MSs. We used thermogravimetric analysis to determine the content of Hesp in the obtained core--shell structured CaCO~3~ MSs. The result in electronic supplementary material, figure S2, confirms that the content of Hesp in CaCO~3~ MSs is less than 1 wt%. Therefore, the influence of Hesp on the adsorption performance of CaCO~3~ might be negligible.

[Figure 4](#RSOS170697F4){ref-type="fig"} shows the effect of the AD on the adsorption capability of CaCO~3~ MSs in the solution of the four dyes (CBB, CR, AB and MB). [Figure 4](#RSOS170697F4){ref-type="fig"}*a* shows that the increase in the AD of CaCO~3~ MSs will decrease the absorbance at 585 nm (maximum absorption peak of CBB) gradually. Moreover, these absorption curves tend to be more flat on increasing the AD to 10 mg. When the AD reaches 20 mg, it can be found that nearly all (99.57 wt%) the CBB dye has successfully been adsorbed by the CaCO~3~ MSs. The insets in [figure 4](#RSOS170697F4){ref-type="fig"}*a* show the images of the CBB solution (500 mg l^−1^, left image) and the supernatant after adsorption by 20 mg of CaCO~3~ MSs (right image). It is obvious that the blue colour of the CBB solution has faded in the supernatant. Both the disappearance of the absorption peak and the fading of the colour indicate that the core--shell structured CaCO~3~ MSs have strong adsorption capability for CBB. From the adsorption curves and insets shown in [figure 4](#RSOS170697F4){ref-type="fig"}*b*, it can be found that the adsorption of CR by the CaCO~3~ MSs is similar to that of CBB in [figure 4](#RSOS170697F4){ref-type="fig"}*a*. When the AD reaches 20 mg, the added CaCO~3~ MSs can strongly adsorb almost all the CR dye (99.60 wt%) from the solution. [Figure 4](#RSOS170697F4){ref-type="fig"}*c* indicates that the CaCO~3~ MSs present similar adsorption behaviour in AB solution as in CBB and CR solutions. The difference is that a larger amount of CaCO~3~ MSs (200 mg) than 50 mg is needed to adsorb 99.79 wt% of AB from the solution. However, the adsorption of CaCO~3~ in the MB solution is much different from that of the other three dyes ([figure 4](#RSOS170697F4){ref-type="fig"}*d*). By increasing the added amount of CaCO~3~ MSs from 0 to 200 mg, the absorbance at 664 nm (maximum absorption peak of MB) is decreased gradually. However, when the adsorbent dosage is further increased from 250 mg to 300 mg, such decrease in absorbance is not as obvious as before. The inset in [figure 4](#RSOS170697F4){ref-type="fig"}*d* indicates that the blue colour of the MB solution has not faded thoroughly in the supernatant after being adsorbed by 300 mg of CaCO~3~ MSs; 54.83 wt% of MB molecules are still left in the supernatant. Figure 4.The UV\--visible absorption spectra at different adsorbent dosages of the obtained CaCO~3~ microspheres for different dyes. Inset shows photographs of dye solution before (left) and after (right) adsorption on CaCO~3~ microspheres. (*a*) Coomassie brilliant blue G-250; (*b*) Congo red; (*c*) Alcian blue; (*d*) methylene blue.

The above results ([figure 4](#RSOS170697F4){ref-type="fig"}) demonstrate that the obtained CaCO~3~ MSs present different adsorption capacities for CBB, CR, AB and MB under optimal adsorbent dosages. [Figure 5](#RSOS170697F5){ref-type="fig"} further provides the effect of adsorption time (AT) on the adsorption behaviour of CaCO~3~ MSs in the solutions of the four dyes. It is obvious that CaCO~3~ MSs can completely remove CBB or CR molecules very rapidly (in 2 min, [figure 5](#RSOS170697F5){ref-type="fig"}*a*,*b*). For AB, CaCO~3~ MSs need a long time (28 h, [figure 5](#RSOS170697F5){ref-type="fig"}*c*) to adsorb almost all dye molecules. [Figure 5](#RSOS170697F5){ref-type="fig"}*d* reveals that CaCO~3~ MSs can remove about 76.61 wt % MB from water after a quite long AT of 18 days. Figure 5.The UV\--visible absorption spectra at different adsorption times on the obtained CaCO~3~ microspheres for different dyes. Inset shows photographs of dye solution before (left) and after (right) adsorption on CaCO~3~ microspheres. (*a*) Coomassie brilliant blue G-250; (*b*) Congo red; (*c*) Alcian blue; (*d*) methylene blue.

The results in figures [4](#RSOS170697F4){ref-type="fig"} and [5](#RSOS170697F5){ref-type="fig"} prove that the obtained CaCO~3~ MSs can efficiently adsorb both CBB and CR as quickly as 2 min. For AB molecules, CaCO~3~ MSs can also completely remove them, but the AT is 28 h. For MB, CaCO~3~ MSs cannot efficiently remove all dye molecules, even with a given AT of more than half a month. The above difference may be ascribed to the chemical structure of the four dyes. As illustrated in [figure 1](#RSOS170697F1){ref-type="fig"}, both CBB and CR are anionic dyes with sulfonate groups, which can form a complex with the calcium ions of CaCO~3~ MSs. This feature ensures that CBB and CR have a strong combination with the CaCO~3~ MSs. Thus, CaCO~3~ MSs can adsorb CBB and CR efficiently and rapidly. With regard to AB and MB ([figure 1](#RSOS170697F1){ref-type="fig"}*c*,*d*), they are cationic dyes with tertiary ammonium and quaternary ammonium groups. Those tertiary ammonium groups will bind the Ca^2+^ of the CaCO~3~ MSs. However, positively charged quaternary ammonium groups will repel the Ca^2+^ on the CaCO~3~ MSs. For AB, it has more tertiary ammonium groups (12) than quaternary ammonium groups (4). Thus, CaCO~3~ MSs can efficiently adsorb AB molecules due to the tertiary ammonium groups. The AT is quite long (28 h) because of the exclusion between quaternary ammonium groups and the Ca^2+^ ions. With regard to MB, its molecular size is much smaller than AB, so the exclusion between quaternary ammonium groups and the Ca^2+^ ions is stronger than that of AB. Therefore, the CaCO~3~ MSs only remove about 76.61 wt% MB from water after a quite long AT of 18 days.

The recycling experiments were performed for five cycles (adsorption--desorption) and the results are depicted in [figure 6](#RSOS170697F6){ref-type="fig"}. In the first run, very high removal efficiencies are seen for CBB, CR and AB of up to 99.57%, 99.60% and 99.79%, respectively. Moreover, it was found that 96.66% of CBB, 97.23% of CR and 96.41% of AB was still adsorbed after the 5th cycle ([figure 6](#RSOS170697F6){ref-type="fig"}*a*). [Figure 6](#RSOS170697F6){ref-type="fig"}*b* further directly shows the adsorption and desorption of dyes by the CaCO~3~ MSs in the recycling experiments. According to the SEM image (electronic supplementary material, figure S3) and BET data (electronic supplementary material, figure S4) of these CaCO~3~ MSs, which have been used for five recycling experiments, it is clear that these CaCO~3~ MSs maintain their original structure well after five recycling experiments. This indicates the obtained core--shell CaCO~3~ MSs are stable in the recycling experiments. Electronic supplementary material, figure S4, shows that the BET surface area of CaCO~3~ MSs after five cycles has no obvious change. Figure 6.The dye adsorption efficiency on the obtained CaCO~3~ microspheres in five successive cycles of desorption--adsorption. (*a*) Three-dimensional histogram and (*b*) corresponding photos of the CaCO~3~ microspheres before and after adsorption or calcination.

Furthermore, it was found that the removal efficiency of dyes has declined slightly to 93.86% for CBB, 95.63% for CR and 92.40% for AB after the 10th cycle. This suggests that the obtained CaCO~3~ MSs are stable in the recycling experiments and maintain a high removal efficiency for dyes.

We use calcite microcrystals as adsorbent in the contrast experiment of dye adsorption ([figure 7](#RSOS170697F7){ref-type="fig"}). The SEM image ([figure 7](#RSOS170697F7){ref-type="fig"}*a*) reveals that the morphology of the calcite materials is that of smooth cubic microcrystals. The adsorption of dyes by CaCO~3~ materials could be attributed to the electrostatic interaction between Ca^2+^ and organic dye molecules. Compared to the smooth, cubic calcite microcrystals, the core--shell structured CaCO~3~ MSs have a much larger surface area which can provide more adsorption sites (Ca^2+^). Therefore, the removal of dyes by core--shell CaCO~3~ MSs from aqueous solution is a more rapid and efficient process ([figure 7](#RSOS170697F7){ref-type="fig"}*b*--*e*) than that by using cubic CaCO~3~ materials as adsorbents. Figure 7.Comparison of the dye adsorption efficiency on the obtained CaCO~3~ microspheres and cubic CaCO~3~ materials for different dyes. (*a*) SEM image of the cubic CaCO~3~ materials; (*b*) Coomassie brilliant blue G-250B; (*c*) Congo red; (*d*) Alcian blue; (*e*) methylene blue.

A comparison of the adsorption capacity (*q*~e~) for Congo red in this paper and reported results is presented in [table 1](#RSOS170697TB1){ref-type="table"}. It is obvious that the adsorption capacity of Congo red by the presented core--shell structured CaCO~3~ MSs is larger (99.6 mg g^−1^) and the adsorption time is remarkably faster (2 min) than for those materials reported previously \[[@RSOS170697C28]--[@RSOS170697C32]\]. For instance, Sayğılı reported that the adsorption capacity of a biomagnetic composite as adsorbent for the removal of Congo red is 86.96 mg g^−1^, and the adsorption time for the equilibrium is 200 min \[[@RSOS170697C28]\]. Yu *et al.* reported that the adsorption capacity of mesoporous Fe~2~O~3~ is 53 mg g^−1^, and the adsorption time for the equilibrium is 120 min \[[@RSOS170697C29]\]. Therefore, these core--shell structured CaCO~3~ MSs can be used as a rapid and efficient adsorbent to remove anionic dyes from aqueous solution. Table 1.Adsorption capacity (*q*~e~) and adsorption time for Congo red in the literature and in this study.adsorbentadsorption capacity (mg g^−1^)adsorption efficiency (%)adsorption time (min)referencebiomagnetic composite86.96equilibrium200\[[@RSOS170697C28]\]mesoporous Fe~2~O~3~53equilibrium120\[[@RSOS170697C29]\]supramolecular adsorbent70.1equilibrium120\[[@RSOS170697C30]\]chemically modified lignocellulosic jute fibre27.1299.8715--30\[[@RSOS170697C31]\]vaterite CaCO~3~32.6079.93180\[[@RSOS170697C32]\]core--shell structured CaCO~3~ microspheres99.699.62this work

4.. Conclusion {#s4}
==============

In this work, we prepared core--shell structured CaCO~3~ MSs by a facile, one-pot method at room temperature. The results suggest that these CaCO~3~ MSs can rapidly and efficiently remove 99--100% of CBB and CR dyes within 2 min. We also found that these core--shell structured CaCO~3~ MSs have a high recycling capability for removing dyes from water. Our results demonstrate that the obtained core--shell structured CaCO~3~ MSs can be used as an ideal, rapid, efficient and recyclable adsorbent to remove dyes from aqueous solution.
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